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Abstract—This paper describes a behaviour analysis designed 
to measure the creative potential of computer game activities. 
The research approach applies a behavioural and verbal protocol 
to analyze the factors that influence the creative processes used 
by people as they play computer games from the puzzle genre. 
Creative components are measured by examining task motivation 
as well as domain-relevant and creativity-relevant skills factors. 
This paper focuses on how three puzzle games embody activity 
that might facilitate creative processes. The findings show that 
game playing activities significantly impact upon creative 
potential of computer games. 
Keywords—creative process, computer games, task motivation, 
domain-relevant skill, creativity-relevant skill, puzzle games, 
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I.  Introduction 
The interactive experiences that occur within a videogame 
environment provide opportunities for people to express their 
creativity and intentions [41]. Authentic and engaging gaming 
activities that incorporate creative content and processes have 
value in a wide range of educational contexts. While game-
based research is a growing field of study, only in recent years 
has research seriously examined the learning potential of 
commercial games primarily designed for entertainment 
purposes. Emerging research in this area has examined the 
impact of commercial games on well-being [43], mood [33] 
and cognitive reasoning [37].   
Our research examines the creative potential of computer 
games and seeks to understand the characteristics of game 
activities that promote creative thinking. In order to assess this 
potential we need to examine players’ responses to computer 
game activities to determine the creative processes employed 
[21]. Therefore, criteria related to creativity activity must be 
clearly articulated [2] and subsequently translated into 
assessment items that relate to observable game activity. 
An existing theory of creative assessment [32] has been 
adapted to provide the basis for measuring the creative 
potential of computer games. Our previous research has 
investigated the reliability of this assessment method for 
creative assessment within the computer game context [18]. 
Behavioural observation techniques and verbal protocol 
analysis are used throughout the assessment process as these 
methods have been applied previously to identify engagement 
in creative process [32]. 
This paper reports on a study designed to establish the 
types of creative activities players engage in while playing 
computer games. The aim is to establish how we might use 
behavioural observation and verbal protocol analysis to 
analyze specific game play activity with respect to levels 
creative engagement. The paper reports on a study of nineteen 
game players involved in playing three puzzle games. Results 
from the study demonstrate that game playing activities 
significantly impact upon creative potential of computer 
games. 
II. Creativity And Computer Game Play 
Research on creativity has resulted in multiple definitions, 
perspectives and models. For example, creativity has been 
defined to consist of at least four components: (1) the creative 
process, (2) the creative product, (3) the creative person, and 
(4) the creative situation [7][25]. This study concentrates on 
the thinking processes employed during creative activity. 
Problem sensitivity is an important aspect of creative 
thinking. Creativity involves sensitivity to problems and 
everyday curiosity, as individuals find problems, manage 
discrepancies and find answers to things they do not 
understand [14][44][47]. Divergent and convergent thinking 
are core elements of the creative process. Divergent thinking 
is important for idea generation [4], and necessary to produce 
many alternative solutions to the problem [13]. Creative ideas 
result from the novel combination of two or more ideas that 
have been freed from their normal links [36]. Convergent 
thinking as a creative process occurs in the idea validation 
stage [4]. It allows an individual to select the correct way to 
approach the task at hand [40], with the ability to select a 
single response from a series of alternatives [9].  
A game environment can be considered with respect to 
these components of the creative process. Games allow 
players to explore new ideas and actions through the diverse 
game play opportunities. Research has demonstrated that 
computer games have contributed to the practice of enhancing 
problem-based learning processes [48] and that they support 
the development of critical thinking through visualization, 
experimentation and creativity [5]. They provide the players 
with the theoretical tools to think critically about the 
challenges [31]. Problem solving experiences may emerge in 
games where players are required to break down tasks, engage 
meta-cognitive skills and think critically [45]. In such 
situations creative thinking is facilitated. Engagement during 
game play continually delivers optional, achievable, new 
challenges and experiences within the game world [23]. Game 
experiences that are active and provide intrinsic motivation 
have great potential to support creative processes [27]. 
Importantly, prior creative activity can have a positive impact 
on learning, intrinsic motivation, and subsequent creativity 
[4].   
In the research reported here, we examine puzzle-based 
computer games and the extent to which they promote creative 
activity. The merging of educational theory and game design 
can be achieved through games that provide appropriate 
puzzles integrated into strong story-lines [6]. Puzzle-based 
games emphasize problem solving through logical thinking, 
strategy formulation and pattern recognition [1]. Physical and 
mental activity within puzzles forms the basis of game play 
[28]. In these games players must make a decision to act based 
on available, and potentially incomplete, information. The 
challenges faced and the decision space available impacts on a 
player’s engagement. The problems that the game presents 
underpin the potential for the game to support engagement of 
creative processes [4]. While the games selected for the 
studies – Portal 2, I-Fluid and Braid – are all puzzle-based, 
they have different game mechanics, goals and settings and 
may therefore provide different opportunities with respect to 
engagement in creative processes. Our research examines 
these differences. 
III. Measurable Components of Creativity 
The componential model of creativity describes the ways 
in which we enter into stages of the creative activity. The 
componential framework of creativity has problem solving at 
its core and includes three major components: domain-relevant 
skills, creativity-relevant skills and task motivation [2] The 
three components operate at different levels of specificity with 
creativity-relevant skills being most general (influencing 
responses in any content domain) and task motivation being 
most specific (motivation may be very specific to particular 
tasks in a domain) [2]. The domain-relevant component 
operates at an intermediate level of specificity and includes all 
skills relevant to a general domain (e.g. public speaking). As 
people solve problems they generate response possibilities 
from an array of available pathways and explore the 
environment to determine the best solution. Domain 
knowledge plays an important part in the generation of an 
acceptable solution. Creativity-relevant skills influence the 
quality of the ideas produced as a function of cognitive style 
and exploration of new solution pathways, and task motivation 
influences a person’s attitude when approaching a task and 
their desire to generate ideas [2][3][4]. In an appropriate 
environment, high levels of these three components yield high 
levels of creative performance [22]. 
A. Task Motivation 
Task motivation is specific to a particular task and relates 
to a person’s attitude towards the task and the extent to which 
the task matches a person’s own interest [7]. It accounts for an 
individual’s approach to a given task and is responsible for 
processes related to initiating and sustaining creative problem 
solving [2]. While task motivation is particularly important 
when a problem is presented to a person, it also influences the 
level of responses generated. It represents the difference 
between what an individual can do and what he/she will do 
[4]. 
B. Domain-relevant Skills 
Domain-relevant skills form the basis from which any 
performance must proceed. This component incorporates 
factual knowledge, technical skills and special talents within a 
particular domain. The information, skills and talents that an 
individual brings to a task is of particular importance in the 
preparation stage within a creative process. Domain-relevant 
skills define the set of possible responses available to a person 
[4], based on the unique set of rules and practices that apply in 
this domain [46]. Such knowledge allows people to identify 
various strategies for analyzing the information presented and 
is applied to determine appropriate problem-solving pathways. 
They also provide the criteria that will be used to assess and 
evaluate the results of the activities undertaken [4][7]. 
C. Creativity-relevant Skills 
Creativity-relevant skills refer to the experience-based 
techniques that may be used within a creative process. They 
include cognitive style, strategies and heuristics that are 
applied to the exploration of a problem space, and working 
style [2]. A creative cognitive style might be characterized by 
a facility to understand complexities, an ability to break 
mental set during problem solving, and keeping response 
options open as long as possible. Differences in cognitive 
activity and work style result in different behaviours with 
respect to the way individuals gather and evaluate information 
[15].  
Creativity-relevant skills act as an executive controller that 
influences the way in which the search for responses will 
proceed [2]. Creative problem solvers automatically activate 
areas of knowledge that are associated with the past problem 
solving experience and relevant knowledge [34]. Skills 
include the ability to concentrate for the long periods of time 
[7], as well as the application of principles or strategies to aid 
in problem solving (e.g. use of analogies) [2]. Characteristics 
associated with creativity-relevant skills include self-
discipline, the ability to delay gratification, perseverance, and 
an absence of conformity. 
IV. Creative Potential in Computer Games 
Measurement of creative potential involves examining the 
relationship between tasks, from both a domain skill and 
creative skill perspective, and the effect of intrinsic motivation 
[32]. The process we’ve employed involves a behavioural 
assessment of computer games. Such assessment typically 
involves a variety of methods including direct observations, 
interviews, checklists, and tests to identify trial and error 
experiences  [10] and is concerned with measurement of the 
specific behaviours. For example, within an educational 
context, direct measurement might provide data on student 
responses to learning materials used during a class [9]. 
Behavioural assessment provides a method for analysis of 
creative process and has been used previously to measure 
creativity in structure building activities, collage making and 
poem writing [32]. This research, which yielded a 
specification of particular task behaviours that strongly predict 
creativity, forms the basis for our analysis of creative activity 
facilitated through games. Our previous work [18] has 
examined the reliability of our adaptation of this measure of 
creative process for use within the computer game context.  
Behaviours such as set breaking, task pace and enjoyment 
are identified as important elements of task motivation. The 
specific measures used to assess creativity in terms of task 
motivation within computer games are: 
• Involvement: Work on solving the problem. 
• Stability: Refining the integrity or stability of a 
problem solution within the game. 
• Set breaking: Manipulates materials; uses or attaches 
them in new ways. 
• Pace: Speed at which participant works on 
tasks/challenges; a slow to fast gradient of working 
rate. 
• Planning: Organizes material; establishes an idea, order 
to build in, steps to take. 
• Playfulness: Engaging in tasks in curious manner; 
trying out ideas in a carefree way. 
• Exploration: Curious, or playful testing out of ideas. 
• Enjoyment: Having a good time, finding pleasure in the 
task / challenge. 
• Concentration: Focused on the task; not distracted. 
The measures identified as predictors of creativity in terms 
of domain-relevant skills are assuredness, difficulty and 
exhibited uncertainty [32]. Inchamnan et al. have adapted 
these for use in the context of computer game play [18]. They 
include: 
• Exhibited uncertainty: Self-initiated backtracks; 
intentional moves to previous locations or revisiting a 
particular game task / challenge [R]1. 
• Assuredness: Confidence: certainty of ability to 
complete task; assuredness in going about the task; not 
doubtful, timid, or anxious. Difficulty solving problems 
encountered, trouble interacting with game elements 
[R]. Pace and the speed at which particular task 
/challenge are addressed; a slow to fast gradient of 
playing rate.  
• Difficulty: Problem with self: uncertainty, self-doubt, 
negative statements about ability or mood [R]. Negative 
exclamations by using usually one word, can be two or 
three; curses or otherwise sharply negative statements 
[R]. 
Creativity-relevant skills are measured through the specific 
process factors of concrete focus, concept identification, wide 
focus and striving [18][32]. The adapted measures are: 
• Wide focus: Goal statements: Something that cannot be 
done in one step, future oriented; restatement of 
problem given, self-imposed goal, statement dealing 
with a desired final goal, etc. Irrelevant to task: 
Anything not related to performing the task / challenge. 
                                                           
1 The [R] symbol indicates reversed items. 
• Striving: Difficulty: encountering problems or 
obstacles to completing some or all of the 
tasks/challenges. Transitions: movement to new area of 
action; includes place holding utterance. Question how: 
questioning how or what to do; what is currently being 
done. Repeat something: repeats instructions, words or 
concepts presented in the game. Exclamations: based 
on positive or negative outcomes.  
• Concrete focus: Talks about task: statements of like or 
dislike about the task [R]. Describes game elements: 
statement about texture, colour, or other attributes of 
elements, naming game elements [R].  
• Concept identification: Analogies: description or 
statement containing an analogy or metaphor. Aha: 
eureka-type statements; abrupt change in activity. 
Transitions: movement to new action; includes place 
holding utterances. 
V. Research Design 
This study assesses the components within puzzle games 
that provided opportunities for players to engage in creative 
processes. It also examines the differences between these 
puzzle games and how these differences impact on levels of 
creative performance within gameplay activities. The study 
applies behavioural observation measures that have been 
developed (see [18] for full details) to understand how creative 
behaviours and processes are manifested within varied 
gameplay contexts. 
A. Participants 
Nineteen participants were involved in the study; six were 
female and 13 were male. Their ages ranged from 18 to 34 
(M= 23.79, SD= 4.35). Most participants were familiar with 
playing games with 52.6% indicating that they played games 
daily, 15.8% several times a week, 15.8% once a week, 5.3% 
once a month; 10.5% indicated that they do not play 
videogames. 
B. Procedure 
Participation in the study involved being observed while 
playing the three selected games: Portal 2, Braid and I-Fluid. 
The order in which players were presented with the games was 
varied to avoid order effects. Each participant was engaged in 
gameplay for approximately 45 minutes in total, playing each 
game for 15 minutes. This amount of time playing each game 
has been shown to be sufficient for proving a good assessment 
of a gameplay experience [30]. To examine the creative 
process, participants were video recorded while playing the 
games. A video coding scheme was used to capture the type 
and frequency of observable behaviours and verbalizations for 
each participant video. This coding scheme is based on the 
measures developed for analyzing creative process [18]. 
C. Materials and Data Analysis 
Game related behaviour was used to assess participants’ 
level of creativity across the three games. A specific behaviour 
was either rated on a seven-point Likert scale ranging from 1 
(low) to 7 (high) or through the use of a frequency tally. 
Seventeen items, grouped within nine variables, related to task 
motivation. The grouping included involvement, stability, set 
breaking, pace, planning, playfulness, exploration, enjoyment 
and concentration. All of these items were assessed using 7-
point Likert scales. Twelve items were included to analyze 
domain-relevant skill factors. The items were grouped into 3 
variables: exhibited uncertainty, assuredness, and difficulty. 
Uncertainty and difficulty were assessed using frequency 
measures and assuredness was assessed using 7-point Likert 
scale. Eighteen items were designed to measure creativity-
relevant skills with items grouped into four variables: wide 
focus, striving, concrete focus and concept identification. 
Wide focus, concrete focus and concept identification were 
measured using frequency counts. Striving used a combination 
of frequency count items and Likert scale items. 
Two researchers analyzed the data using behavioural and 
verbal coding techniques. Initially, two raters practiced rating 
the gameplay video in an iterative fashion, discussing 
disagreements. They then coded a subset of actual 
participants’ videos completely independently of one another 
and results were analyzed to ensure inter-rater reliability. 
VI. Results 
Analysis was undertaken to determine whether levels of 
participant engagement in task motivation, domain-relevant 
skills and creativity relevant skills differed across games. The 
data was checked for multivariate outliers using Mahalanobis 
Distances, and normality and homogeneity of variance 
assumptions were assessed using Box's Test of Equality of 
Covariance Matrices (p=. 366). To ensure that all variables 
contributed equally, all frequency tally scores were 
standardized [26]. The ANOVA results show a significant 
mean difference between domain-relevant skills between the 3 
games and no differences in task motivation or creativity skills 
(Table 1) that the less domain-relevant skills were used in 
Braid than in Portal 2 (p=. 008) (see Figure 1). 
TABLE I.  MEAN DIFFERENCE OF EACH GAME 
Source Dependent Variable F Sig. 
Mean Task Motivation 1.298 .281 
Mean Domain Skill 3.813 .028 Game 
Mean Creativity Skill .417 .661 
 
Statistical analysis demonstrates a difference between the 
standardized values for task motivation, domain-relevant skills 
and creativity-relevant skills for each game (Figure 1), and 
MANOVA results show that there is significant difference in 
terms of domain-relevant skills between Braid and Portal 
2.The lack of statistically significant differences found for task 
motivation and creativity skill may be partially due to a lack of 
power associated with the small sample size. Additionally, the 
small sample size precludes running additional inferential 
statistics looking at the categories within each component of 
creativity. Given the exploratory and early nature of this work 
we elected to further analyse the data collected using 
descriptive statistics and to interpret relatively small 
differences with the intention of confirming our findings in 
future work with a larger sample.  
This paper is specifically focussed on examining the 
quality of these differences across games. Through a detailed 
analysis of video data we investigate a) how gameplay 
facilitates creative behaviour, and b) how gameplay differed to 
produce variations in task motivation, domain-relevant skills 
and creativity relevant skills. 
 
 
 
Figure 1: Creative potential components for each game. 
A. Task Motivation 
Across all nine categories within task motivation, Portal 2 
achieved higher averages than Braid. Braid received the 
lowest averages in 11 of the 17 items. I-Fluid generally 
received scores between those of Braid and Portal. However 
for five items across the categories of pace (1), planning (3), 
playfulness (1), I-Fluid received the lowest averages. 
While some of the average differences between Portal 2, 
Braid and I-Fluid were small, in some categories the variation 
was more noticeable. Video analysis demonstrates that each of 
the games allowed consistent opportunities for players to work 
on solving problems during the game  (involvement), and that 
the games were structured so that there was minimal 
distractions during problem solving enabling players to engage 
in a focused way (concentration) (see Table 2). In Portal 2, for 
example, for players to solve puzzles they have to engage in 
spatial reasoning activities as they teleport the player character 
and simple objects using a device that can create inter-spatial 
portals between two flat planes. In Braid, players progress by 
finding and assembling jigsaw puzzle pieces. I-Fluid requires 
players to maneuver a drop of water through a challenging 
landscape ensuring that the water doesn’t get absorbed across 
a range of surfaces.  
TABLE II.  RESULTS FOR INVOLVEMENT AND CONCENTRATION ITEMS 
ACROSS THE THREE GAMES 
 Braid  
M (SD) 
I-Fluid 
M (SD) 
Portal 2 
M (SD) 
Involvement 5.47 (0.67) 5.79 (0.54) 5.79 (0.71) 
Minimal distraction 5.21 (1.06) 5.21 (1.18) 5.37 (1.16) 
Focussed activity 5.58 (0.67) 5.63 (0.60) 5.68 (0.89) 
 
The three categories where Portal 2 offered activities to 
facilitate task motivation were stability where players had 
more opportunities to refine the integrity of a problem 
solution, set breaking where they were able to manipulate 
materials in different ways, and enjoyment through finding 
pleasure in the challenges faced. 
In Portal 2, players can work on refining problems 
(M=5.68, SD=1.00) more readily than in Braid (M=5.11, 
SD=0.85). The mechanics within Portal 2 allows players with 
more experimentation opportunities during problem solving. 
For example, the player can move around freely and interact 
with a range of objects in real time. A player was observed 
experimenting with the placement of a cube across gaps, 
through holes in the walls and around obstacles to see if that 
helped to solve a particular puzzle. While Braid does provide 
opportunities for players to experiment through its time-based 
mechanic that allows players to reverse time and rewind 
actions, there are fewer tools available to the player to solve 
the puzzles. 
TABLE III.  RESULTS FOR SET BREAKING ITEMS ACROSS THE THREE 
GAMES 
 Braid  
M (SD) 
Portal 2 
M (SD) 
Manipulation of objects 5.05 (0.83) 5.63 (1.07) 
Different uses for objects 4.74 (0.91) 5.16 (0.89) 
 
Similarly, Portal 2 offered greater opportunities for players 
to engage in set breaking activity during problem solving (see 
Table 3). Players were provided with greater opportunities to 
use and more freely manipulate a greater range of objects 
(e.g., cubes, receptacles, beams, portals) than in either of the 
other two games.   
Video analysis suggested that Portal 2 offered players 
game activities that were more enjoyable than both Braid and 
I-Fluid (see Table 4). Players appeared to derive pleasure in 
exploring the world created in Portal 2 and the opportunities 
available to them to try out different strategies. For example a 
player laughed out loud and claimed “wow, wow this is so 
cool” as the room she’s in starts to disintegrate and she starts 
moving through the level. “Alrighty, we’re going to need a 
piece of equipment”, she claims and then she laughs again. 
Portal 2 also has humorous elements weaved through the 
setting, characters and mechanics. 
TABLE IV.  RESULTS FOR ENJOYMENT ITEMS ACROSS THE THREE GAMES 
 Braid  M (SD) 
I-Fluid 
M (SD) 
Portal 2 
M (SD) 
Having a good time 4.68 (0.65) 4.89 (1.15) 5.42 (1.17) 
Pleasurable tasks 4.63 (0.74) 4.84 (1.12) 5.37 (1.26) 
 
Within other categories there were also examples of where 
Portal 2 offered better opportunities for players to be engaged 
in activities that facilitated task motivation. Planning was 
demonstrated to be a more important part of game play in 
Portal 2 (M=5.47, SD=1.22) than it was in either Braid 
(M=5.00, SD=0.86) or I-Fluid (M=4.95, SD=0.85). Study 
participants were also more likely engage more in game tasks 
in a more curious (M=5.42, SD=1.02) and carefree (M=5.47, 
SD=1.02) way while playing Portal 2, than in either Braid 
(M=4.84, SD=0.81 and M=5.00, SD=0.92 respectively) or I-
Fluid (M=4.95, SD=1.03 and M=4.95, SD=0.97 respectively). 
In Portal 2 players have time to consider their options from a 
wide range of choices, whereas in Braid and I-Fluid the 
environment is more likely to guide the player to choices of 
action. Both Braid and I-Fluid are more likely to limit the 
number of actions available that will lead to success (e.g., 
needing to collect additional moisture to avoid dying in I-
Fluid). As a result exploration activity through playful testing 
out of ideas was also greater in Portal 2 (M=5.37, SD=1.12) 
than either Braid (M=4.84, SD=0.67) or I-Fluid (M=4.89, 
SD=1.10). 
B. Domain-relevant Skills 
Video coding of behaviours demonstrated which puzzle 
game play activities influenced average domain-relevant skill 
scores. Results were significant with respect to the difference 
between Portal 2, which performed better in this component, 
and Braid. Braid received the lowest results.  In Portal 2 player 
behaviour indicative of domain-relevant skills was generally 
high in comparison. 
Results for exhibited uncertainty demonstrate that while 
both Portal 2 and I-Fluid performed at a similar level 
(M=6.53, SD=1.26 and M=6.47, SD=1.74 respectively), 
players were more likely to reverse or undo steps and actions 
performed in the game within Braid (M=4.32, SD=1.56). The 
core mechanic underpinning Braid is the manipulation of time 
and the reversal of actions, so it might be expected that player 
would use this feature during gameplay. Consequently, the 
extent to which this is a true indication of exhibited 
uncertainty is unclear. 
Participants acted with more assuredness while playing 
Portal 2 than either I-Fluid or Braid. On all but one of the 
assuredness items Portal 2 received the best results. For five of 
the seven items Braid performed the worst, and for the other 
two items I-Fluid received the lowest average scores. In Portal 
2 players felt more assured in going about their tasks, had 
more certainty about their ability to successfully complete 
tasks, were less in doubt about what they were required to do, 
and exhibited less anxiety during gameplay (see Table 5). 
Confusion in I-Fluid for example often related to what 
surfaces absorbed the water droplet. One player stated “Surely 
untreated wood would soak you right up? Surely the dried 
seaweed wrapped around sushi wouldn’t?” Within Braid, 
some players found certain game objectives difficult to 
complete and ended up in states where they felt “stuck” and 
clearly uncertain about what actions were required to move 
forward in the game (e.g. a player struggling to get out of the 
cave after he gets a key).     
TABLE V.  RESULTS FOR FOUR ASSUREDNESS ITEMS ACROSS THE THREE 
GAMES 
 Braid  M (SD) 
I-Fluid 
M (SD) 
Portal 2 
M (SD) 
Task assuredness 4.74 (1.02) 4.89 (1.41) 5.42 (1.43) 
Certain about ability 4.79 (1.06) 4.84 (1.42) 5.32 (1.42) 
No doubt about actions 4.74 (0.96) 5.05 (1.39) 5.37 (1.30) 
Not anxious during play 4.68 (1.22) 5.05 (1.18) 5.26 (1.33) 
 
The challenges encountered by players in Braid and I-
Fluid were reflected in the results within the difficulty 
category. While players encountered difficulties across all 
games, in items related to frequency of negative utterances 
there were higher levels for Braid and I-Fluid with players 
making statements like “Seriously...why do you keep doing 
that” during ongoing failure to complete a task, and “Come 
on...!” over frustration at not being able to kill an enemy. It 
appeared that some of the difficulty that arose in both Braid 
and I-Fluid resulted from challenges faced when working with 
objects and resources. Players seemed to need more time to 
understand how to effectively manipulate time to achieve 
objectives in Braid, and found manipulating the small droplet 
of water along items such as chopsticks in I-Fluid difficult.   
C. Creativity-relevant Skills 
The video analysis demonstrates that, while the differences 
were not significant, there were higher levels of player 
engagement in creativity-relevant skills in Braid in 
comparison to Portal 2. Results for I-Fluid fell in between 
these two (Fig. 1). Overall frequency scores across this 
domain were low and players didn’t exhibit high levels of 
behaviours indicative of creativity-relevant skills.  
While there was very little variation in the concrete focus 
and concept identification categories, differences in averages 
varied across items within the wide focus and striving 
categories. Within the wide focus category, Braid activity is 
more future oriented and players were more likely to restate 
problems, while in Portal 2 problems generally required more 
steps to solve and players had more opportunity to develop 
their own goals (Table 6). I-Fluid received the best results for 
allowing players to perform non-goal actions.  
TABLE VI.  RESULTS FOR WIDE FOCUS ITEMS ACROSS THE THREE GAMES 
 Braid  M (SD) 
I-Fluid 
M (SD) 
Portal 2 
M (SD) 
Future oriented 1.63 (1.04) 0.95 (1.03) 1.32 (1.00) 
Develop own goals 2.32 (1.38) 1.68 (1.16) 2.37 (1.16) 
More than one step 2.26 (0.96) 2.16 (1.30) 2.53 (1.47) 
Restating problems 2.37 (1.38) 2.32 (1.29) 0.95 (0.78) 
Performing non-goal actions 0.11 (0.31) 0.79 (1.13) 0.74 (0.93) 
 
In the striving category, Braid achieved the highest scores 
across four of the eight items and I-Fluid achieved the highest 
scores for the other four items. Players were more likely to ask 
questions in relation to particular stages of gameplay, current 
actions to be performed and how to complete tasks while 
playing Braid. In both games there were higher levels of 
players striving as they encountered problems and obstacles 
than in Portal 2.  
VII. Discussion 
The research has identified the key specific components of 
puzzle computer game experiences that may be measured to 
assess a game’s potential for supporting creative activity. The 
analysis has demonstrated that creative activity is closely tied 
to the core mechanics of the game. While each of the games 
examined involves the players in focused activity, influences 
on task motivation like task refinement and set breaking are a 
function of particular game mechanics. In Portal 2 players 
were better able to experiment with the variety of resources 
available. The ability to explore and try out new strategies 
appears to have led to greater enjoyment in the game.    
Temporal aspects of games play an interesting role in 
creative processes. It is clear that allowing players the time to 
consider how they’re going to achieve their goals and to 
formulate plans of action has an impact on both the task 
motivation and domain-relevant skills components of the 
creative process. Players were more assured while engaging 
with Portal 2 as they didn’t have to deal quickly with enemies 
(Braid) or decisively act to absorb more moisture and avoid 
dying (I-Fluid). Time manipulation in Braid created an 
interesting paradox. On one hand, it created an environment 
where players were always backtracking and revisiting past 
actions within the game, but offered opportunities for future 
oriented activity, questioning how they might achieve their 
goals through applying this mechanic in a clever way. While 
this behaviour is an indication of uncertainty in the domain-
relevant skill component, it also promotes creativity-relevant 
skill activity.  
Object and resource manipulation within the games was a 
source of behaviour variation across all components. The 
openness of Portal 2 environment and subsequent 
opportunities for players to engage in a wide range of object 
and world manipulation activities positively impacted on all 
three creative process components. The limitations present in 
both Braid and I-Fluid negatively impacted on task motivation 
and domain relevant skills. However, these challenges might 
have had a positive effect on creativity-relevant skill activities 
as players had to strive to achieve their goals.   
In the context of critical reviews for these three games, the 
results in the domain-relevant skills categories might be 
expected. For example, I-Fluid has been criticized as having 
puzzles that are “too confusing” [24]. It appears that, while all 
three games present puzzles to players, Portal 2 does the best 
job of gently guiding the player and increasing complexity at 
an appropriate rate. Players have greater time and freedom to 
explore in a curious and carefree way. In the other two games 
players were more likely to get confused, express frustration 
and feel constrained in their approach to problem solving.    
The results from the creativity-relevant domain indicate 
that there are further opportunities for games to build in 
opportunities for creative problem solving. Puzzle games 
focus on logical and conceptual challenges and they are not 
generally the type of experiences where players develop their 
own goals. Much gameplay in puzzle games embodies in a 
limited rule-set and encourages specific goal directed 
behaviour. For example, while players can explore an 
environment in I-Fluid, they have to be very careful about the 
level of moisture remaining in the water droplet. This rule 
limits what players will do and the focus that they have. 
Creative activity can only be achieved within environments 
where consequences of exploration and experimentation are 
positive. Braid’s time manipulation mechanic allows this type 
of activity to occur more readily, while at the same time 
difficulty of puzzles requires players to strive to achieve their 
goals.      
The results presented may be interpreted as being related 
to the puzzle game genre specifically, but we feel that we may 
draw more general conclusions. The issues we’ve discussed 
around environments that encourage exploration and 
experimentation, the importance of allowing players time to 
think, the manipulation of objects within the game world, and 
presenting challenges that balance difficulty with the need for 
players to strive and be engaged in effortful activity, may all 
be applied beyond the puzzle game genre to create games that 
have the potential to facilitate creative behaviour. 
VIII. Conclusions and Future Work 
The research presented in this paper demonstrates that 
existing measures and techniques can be successfully adapted 
for use in behavioural assessment of the creative processes 
that occur within gameplay experiences. It has identified the 
key specific components of computer game experiences that 
may be used to assess a game’s potential for supporting 
creative activity. Analysis of player behaviour indicates that 
while task motivation and domain-relevant skills were 
generally high for each of the games, engagement in creativity 
relevant skills was low in comparison. The findings show that 
Portal 2 engaged players most readily in activities that produce 
task motivation and domain-relevant skills. A game’s core 
mechanics form the basis for player behaviour and this 
research demonstrates that while all games require puzzle 
solving, it was the nature of activities such as object 
manipulation, world exploration and time pressured tasks that 
influenced engagement in creative process.  
In future, this understanding of the ways in which games 
facilitate creative thinking will be used to create a framework 
for designing new gaming experiences. The framework will 
identify crucial characteristics of the creative process that 
emerge throughout the process of playing games and map 
elements of computer games to components of the creative 
process.  
Present research has focused on the puzzle game genre and 
our current results cannot be extrapolated beyond this genre. 
Future work will explore creativity in the game play process 
more generally through deconstruction of a wide range of 
gameplay experiences. The knowledge generated through this 
research will assist in creating games (either educational or 
commercial) that include engaging mechanics that further 
involve players in creative problem solving. 
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